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•So  investigate  methods  for  production  of  sodium  perchlorate  without  the 
use  of  platinum*  to  include,  hut  not  necessarily  he  limited  to,  the  following* 

(1)  The  use  of  anodas  coinprising  silicon-silicon  carbide 

(2)  The  use  of  lead  dioxide  coated  anodes 

(3)  The  disproportionation  of  sodium  chlorate  in  acid  solution 
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Jhia  report  covers  the  work  done  during  the  months  of  January,  rebruary 
and  March,  1953t  tinder  Contract  NQNR-807(00)  which  calla  for  reaaarch  on 
■elected  method*  as  recommended  "by  Project  MR  352.-30^/2-1-52,  to  pro  duo# 
aodixsa  perchlorate  without  the  uee  of  platinum. 


®o  date,  no  satisfactory  silicon-silicon  carbide  composition  has  been 
found  for  use  as  anode  material  in  the  chlorate-perchlorate  cell. 

Most  of  the  Carborundum  Company  anode  samples  have  shown  the  spalling 
or  polarization  characteristic  found  before,  and  a few  camples  exhibited 
rapid  erosion  as  reported  in  Project  MR  35S-304-/E-lf52. 

The  extruded  Eurhy  #2  composition  quenched  in  molten  lead  and  the  9$ 
■illcon»10$  silicon  carbide  composition,  previously  reported  as  promising 
(Project  NR  352-3$*/ 2-1-52) , were  investigated  further  and  were  found  un- 
satisfactory  after  a few  hours  of  operation®. 

The  following  calcined  materials  impregnated  with  silicon?  unt wiper ed 
Masonite  board,  Homasote  and  Compreg,  were  found  to  operate  at  a low  voltage 
and  to  make  perchlorate  at  a fair  current  efficiency.  However,  after  a 
few  hows  of  operation  these  specimens  slowly  polarized. 

Certain  of  the  non-eroding  silicon-silicon  carbide  compositions  show  pro- 
mise as  base  materials  for  massive  lead  dioxide  pl&tea. 


Massive  lead  dioxide  electrodes  have  been  successfully  electroformed  from 
a lead  nitrate  plating  bath  in  shapes  and  sizes  suitable  for  use  in  the 
chlorate-perchlorate  cell. 

Tantalum  has  been  the  most  satisfactory  base  material  used  to  date  for  the 
electrodeposition  of  lead  dioxide,  since  it  is  not  eroded  by  chlorate-per- 
chlorate cell  electrolyte,  which  is  able  to  seep  through  pores  of  even 
massive  lead  dioxide. 

Metals  such  as  nickel,  Monel,  copper  and  iron,  when  used  as  bases  for  lead 
dioxide  deposits,  are  rapidly  eroded  in  the  chlorate-perchlorate  cell. 

Synthetic  magnetite,  silicon  and  Durhy  materials  had  shown  some  promise 
as  lead  dioxide  base  materials  in  previous  preliminary  tests. 

Massive  lead  dioxide  anodes  have  been  tested  in  the  chlorate-perchlorate 
cell  at  3 to  10  amperes  for  periods  of  up  to  27  days  with  no  failwes  and 
little  or  no  erosion® 

Massive  lead  dioxide  anodes  at  a current  density  of  0.1  amp/cm^  operated 
at  a current  efficiency  of  5°  percent  in  the  sodium  chlorate  concentration 
range  of  600  to  100  g./l.  At  0.2  aarp./cm^,  the  current  efficiency  rose  to 
from  65  to  70  percent. 
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tT*«  of  the  tantalum  base  as  current  carrier  to  the  lead  di ootid*  in 
the  chlorat«~perahlerata  cell  resulted  la,  anode  heating  with  even 
moderate  current*. 

Ihe  use  of  metal  pressure  plate*  and  clamp*  a*  current  contact* 
a&ainet  the  lead  dioxide  prored  Inadequate  in  preventing  heating  in 
the  contact  area. 

Ihe  moat  satisfactory  current  contact  con«l*ted  of  massive  lead  dioxide 
plated  over  a base  assembly  composed  of  nickel  wire 'wound  around  or 
otherwise  attached  to  the  upper  end  of  tantalum  rod,  plate  or  Korean. 

Ihe  free  end*  of  the  nickel  wire  than  tarred  to  carry  the  current  into 
the  lead  dioxide  in  the  ohlorate-perchlerat*  cell.  Ihe  tipper  end  of 
the  lead  dioxide  anode  containing  the  niokel  wire  1*  above  the  sodium 
chlorate  electrolyte . (See  So.  8). 

Anodised  lead  tubing  wa*  rapidly  eroded  in  the  chlorate-perchlorate  cell. 


Ihe  following  anode  material*  were  found  to  be  satisfactory  in  the  work 
done  in  1951  aad  195 2 1 tantalum  carbide  containing  l#  platinum  by  weight; 
the  mineral  plattuerite,  and  naturally  occurring  massive  lead  dioxide; 
and  platinum-plated  tantalum  sheet. 


Samples  of  bearing  material*  (carbon  impregnated  with  various  metals), 
silicon  f emits,  impervious  graphite,  natural  graphite,  gold  and  silver 
war*  found  to  erode  rapidly, 

Kanganite  showed  very  little  erosion. 

A nickel  ferrite  boule  showed  no  sppraelable  erosion,  but  conversion 
ef  chlorate  to  perchlorate  was  very  low, 

Polished  plate  glass  samples  with  a conductive  film  on  one  side  failed 
rapidly. 

Of  three  different  samples  of  tin  oxide  blocks,  one  showed  no  appreciable 
erosion  with  operation  at  about  50jf  current  efficiency. 

Samples  of  conducting  glasses  and  refractories  either  eroded  or  operated 
at  a very  high  cell  voltage. 

Samples  of  preseed  and  fired  mixtures  of  lead  dioxide  and  magnetite  showed 
Considerable  mechanical  disintegration. 

Several  thousand  minerals  .were  tested  far  electrical  conductivity.  A few 
of  the  more  conductive  one*  have  been  selected  for  testing,  and  when  these 
tests  bars  been  emlteited,  a critical  Selection  will  be  made  from  the 
original  list  of  conducting  mineral*. 
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COHCIiUSIONS 

X.  No  anode  manorial  has  'been  found  to  date  that  work*  as  vail  as  platinum 
for  the  production  of  perchlorates. 

2.  All  silicon-silicon  carbide  compositions  tested  to  date  are  unsatisfactory 
as  anode  materials. 

3.  Massive  lead  dioxide  generates  perchlorate  at  high  current  efficiency  and 
with  very  little  erosion. 

4.  Considerable  progress  has  been  made  in  overcoming  the  greatest  detsrrent 
to  the  use  of  lead  dioxide  electrodes,  which  is  the  lack  of  a good  eleo- 
trical  contact  between  the  lead  dioxide  and  the  current  lead  of  the  chlorate- 
perchlorate  cell. 

5.  More  work  is  necessary  on  the  current  contact  problem  before  massive  lead 
dioxide  can  be  used  in  commercial  size  cells. 
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It  1*  recommended  that 8 
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DENTIAL 


1,  Seating  of  ailicon-ailioon  carbide  compositions  as  anode  materials 
he  curtailed, 

2.  Increased  emphasis  he  placed  on  deYeloping  the  mealra  lead  dioxide 
anode. 

3*  Testing  of  miscellaneous  anode  materials  continue. 
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Ehe  anode  materials  submitted  to  Penn  wilt  for  testing  by  the 
Beseareh  and  Development  Division  of  the  Carborundum  Company 
consisted  primarily  of  compositions  of  silicon  and  silicon 
carbide,  These  cospositiona  have  been  given  the  trademark  name 
" Durhy*  by  the  Cwborundun  Company.  3Sw©  general  astheds  of  form- 
ing these  material*  were  followed: 

(a)  Cold  prsssing  a mixture  of  silicon  and  silicon  carbide  fol- 
lowed by  sintering  in  a protective  atmosphere.  Variations 
in  these  compositions  were  made  by  changing  tha  silicon-sili- 
con carbide  ratio  and  also  by  combining  addition  agents  in 
the  nix  before  pressing.  Shis  product  is  designated  Darby  #1. 

(h)  Ingsr agnation  of  a carbonaceous  body  with  silicon  metal  by 
placing  the  body  into  a bath  of  stroer  heated  molten. silicon 
metal.  The  silicon  metal  impregnated  the  carbonaceous  body 
and  reacted. with  it  to  form  silicon  carbide,  resulting  in  a 
body  whose  components  are  silicon  carbide,  silicon  and  some 
free  carbon.  (Shis  material  is  (sailed  Durhy  #2.  Variation* 
in  compositions  in  the  Durhy  material  were  made  by  additives 
to  the  silicon  metal  and  by  forming  carbon  bodies  from  dif- 
ferent materials  by  carbonisation. 

Some  anodes  were  treated  thermally,  chemically  and  physically  to 
produce  variationB  in  surface  and  internal  structures  (l) 


In  1951  screening  tests  and  the  operation  of  a 10  ampere  cell 
showed  that  Xfcrhy  #2  (silicon-silicon  carbide  mixtures)  produced 
perchlorate  with  little  or  no  normal  surface  erosion*  however 
this  material  was  always  seriously  damaged  by  cracking  and  shat- 
tering upon  electrolysis.  Shis  effect  waa  particularly  noticeable 
at  the  top  level  of  tha  electrolyte.  With  Durhy  #1,  polarisation 
of  the  anode  rapidly  occurred. 

In  1952.  52  samples  representing  24>  different  kinds  of  materials 
were  obtained  from  Carborundum  Company  under  the  Pennsalt-Carbor- 
undua  contract  agreement.  After  testing  as  anodes  in  the  chlorate- 
perchlorate  cell,  most  of  these  samples  again  showed  the  spalling 
or  polarisation  characteristic  found  before,  and  a few  samples 
exhibited  rapid  erosion.  However,  an  extruded  Durhy  #2  composi- 
tlen  quenched  in  molten  lead,  and  a 9$  silioon-lOjC  eilieon  oarbide 
composition  showed  sufficient  promise  to  be  investigated  farther 
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(«#•  Work  Don*  in  1915$)#  Tfo  to  the  sad  of  1952  me  wtisfactefy 
•iiiooH#.*iXtoon  carbide  composition  for  use  as  anode  in  tki 
chlorAto-^ohlornt*.  poll  hid  'beta  found* ; 

3*  Woffi  Dqbji  in,  jft$3 

During  tii*  period  iron  January  lit  to  Karo h 31*t,_abouh  200 
samples  representing  about  80  different  Vi  ado  of  mterials  were 
rocoiroi  iron  the  Carborundum  Company  and  tee  ted  in  a nail 
beakar-type  ehlorat a^porchlorato  poll*  • ' 

la  summary,  it  vas  found  that  than  natorlali  showed  considerable 
liqproTfmsnt  ortr  those  tasted  previously  la  that  pertain  types 
polarised  far  less  rapidly  than  before,  and  others  operated  at 
low  cell  voltags,  asking  perchlorate  for  a considerable  length  of 
tine  before  exploding,  or  spalling,  She  promising  Material*  fend 
were:  calcined,  nntenpered  Masonite,  Calcined  Honaaote  and  pal- 

pined  Coapreg,  all  impregnated  with  silicon. 

She  Derby  #2  quenched  in  Molten  lead  has  been*  eliminated  fro* 
further  consideration  (See  Work  Done  in  1952),  since  the  residual 
lead  content  was  Shown  to  account  for  its  early  foist  operation* 
After  the  lead  is  troded  away,  the  quenched  electrodes  behave 
like  unquenched  Darhy  #2.  Ho  further  work  is  coatesplated  with 
these  lead  quenched  Durhy  #2  compositions  beosose  of  their  eoqpled- 
ing  and  spalling  characteristic  after  their  lead  content  has  been 
restored. 

So  date  no  entirely  satisfactory  silioon-silloon  carbide  cowposi- 
tion  has  been  found  for  uae  as  anode  Material  in.  the  chlorate-per- 
chlorate cell. 

She  detailed  tests  of  silicon-silicon  carbide  Materials  (*)  for 
1952  and  1953  are  oh  own  in  the  following  tables  according  to  the. 
different  categories  givsn  by  the  Carborundum  Company* 

Xu  Qat|*S|orr 

1 Cold  pressed  and  sintersd  Si-SiC  series 

2 Silicon  alloy  impregnation. 

3 Variations  in  parbon  bases 

4 Heating  and-  quenching  treatments 

5 Surface  treatments,  chemical  and  physical,  and.  atmospheres 

6 Inpregnants  (other  than  silicon)  and  coatings 

7 Oast  silicon 

8 Variations  in  physical  dimensions 

Jv,  9 Coated  graphite  er  carbon 

^vsjT"  1°  Miscellaneous 

/'C'  These  anode  materials  were  tested  in  small  beaksr  type  sells 
/ ' (4oo  ml)  each  equipped  with  a glass  ceding  soil.  By  cireula- 

N ting  tap  water  throng  the  glass  peeling  coil*  the  sodium  chlorate 

electrolyte  (doog/l)  mas  kept  at  a temperature  of  about-  12*G,  fwo 
stainless,  steel  oathodee  were  need,  being  held  in  place  by  a y leoci- 
glas  pell  lid*  Whenever  possible,  four  to  six  cells  were  operated 
in  series. 

s*  m hi  w w **  m*  tn>  a*  *■*•*!**■*  **■' 

(*)  tech  sample  was  numbered  conaeautitsiy  with  the  category  suhber  as  a 
prefiXs  m $ m 
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She  siliconcsilleon  oarbld®  compositions  fired  in  an  atmosphere 
of  carbon  monoxide  cither  gave  vary  little  erosion  or  no  erosion 
at  all  and  no  spalling.  A few  vary  small  explosions  were  ob- 
served with  some  samples.  Similar  compositions  fired  in  a helium 
atmosphere  behaved  like  the  carbon  monoxide  treated  compositions 
with  vary  little  srosion  and  no  explosions.  The  call  voltage 
seemed  to  increase  about  three  times  faster  with  the  helium 
treated  compositions  than  with  the  carbon  monoxide  treated  ones 
(See  ligure  l).  (Thus  it  appears  that  the  carbon  monoxide  has  a 
beneficial  effect. 

However,  the  high  specific  resistivity  and  polarisation  charac- 
teristic of  these  materials  eliminates  them  from  consideration. 

The  beta  silicon  carbide,  silicon  and  carbon  mixture  (Ho.  1-33) 
and  the  silicon,  silicon  carbide  and  manganese  dioxide  mixture 
(Ho.  l-3l)  eroded  very  rapidly  (Table  I), 

Afcgggeg.  Ho*  JLr.-5JAis.«i, , AU°y,  ..torymUon 

All  the  anode  samples  in  this  group  exploded,  causing  early  and 
complete  failure  of  the  anode  Tsee  Table  II). 

Of  this  group,  samples  of  calcined  untempered  Masonite  board, 
impregnated  with  silicon  (Ho.  3-7)  behaved  well,  operating  with 
no  explosions  and  no  erosion  at  about  30$  current  efficiency* 
However,  there  was  a gradual  increase  in  cell  voltage* 

The  following  calcined  materials  impregnated  with  silicon  behaved 
as  follows*  Wood  doweling,  no  noticeable  erosion,  rapid  polarisa- 
tion; bamboo,  erosion  with  one  sample  finally  breaking  off  at 
electrolyte  level,  about  60$  current  efficiency;  Hom&sote,  slow 
polarization,  a few  explosions  blew  off  sons  particles  of  anode 
material;  manila  rope,  slow  polarisation,  failed  by  breaking  off 
at  electrolyte  level;  sash  cord,  slow  polarisation,  erosion; 
Ooaxpreg,  no  erosion,  cracked  at  electrolyte  level;  mailing  tube, 
erosion  observed;  and  hardwood  charcoal,  explosions  and  heavy- 
erosion  noted. 

All  of  the  porous  carbon  and  graphite  samples  impregnated  with 
silicon  eroded  rapidly  with  no  cell  explosions. 

The  Durhy  material  made  by  siliconizing  a carbon  body  formed  by 
extruding  a mixture  of  wheat  flour  and  carbon  powder  shoved 
severe  spalling.  Also  the  Hurhy  material  made  by  siliconizing 
a carbon  body  formed  by  casting  polarized  and  showed  alight 
spalling  (see  Table  III). 


— 10 


pftiiiil 


a & . 

« • o 


v u 

Saif 

<0  © H 
K'  o o 
<J 


• * &S 1 

•B  6 •ri  h m 

iim 


•h  *H  Bvo 

« ft 

HP 


# § 

1 1 ► 

§ • «m  , 

S*  » 

,,  ^y'O 

24  r4  • 

IfS 

*Si 

H C * 
p • W)*tJ 
«S  » « o 

0 M 4*  >rt 
OflHh 
•rl  O © 
4»  »f\  b ft 

O • 

F)  On  rj  IP 
. H «rj 
£ Vi  0 A 
to  O V 4» 


* a>s 

cm  s *a 


H Ori 
P *rt  p 
►"J*  i* 

H 8 H 

•a 

effo 

d • 

« * « 

3-9  8 

b § 

g»3 

o cn  iQ 

, "S  *sJ 

on® 
e S ^ 
o +* 

$0  «H  0 


« S n 


i:» 

in 

® H -*J 
o 

0 ► ► 

$ H O 

JS  *** 

gow 

L • O 

ii: 

^ *H  l> 

■*  ji  n . 
ftV3 


8 0 
*Ss 
© s +» 

«3  4»  « 
ft  *£>  H 

ft  6 


4. 

H 

• 

1 

12 

00 

<N 

VO 

*A 

vi> 

• 

2 

2 

NO 

CM 

CM 

TABLX  I (continued)  (l)  COHHDENTIA 


TJ* 

M:' 

• 55  • 

JU| 

4- 

U 1 4 
« if?  B 

£ 

si* 

%$* 


4j|§ 
* H 3 


4J  fl" 

4 •*  -g 
wf  # .§ 

sp 

* li  « 

111' 
ft  # W*l 

» h • 

• g 

« © fS 
H H «H 

l££ 


!!!& 

Ill 

0 ? V5 


• 

3§* 

M*i 

► S to  m 

S*<$ 


4*  0 O 

v*&  I 

o '®  • rj 

lit* 

mi 


sags 
rs  | 

< o a 


& 

O H 
•H  * 

ssvo 

<ri  4*  O 1 
OHIO 

KITS 

w4-° 


4*  4*  <*■ 

/S  *r(  •»«  tri  <»*v  »H 

| & @ «.  s fa 


a ~ o o 

So  o So  q 

Ho  H o H 

W W <NJ  W w *«' 


O 

3 & # 


* 


q O 

*r<  H M 

in  tn  to 


• o S o 

fi  o,  o 
p H O H 

£>  w o w 

h q w .o 

*H  H »H  H 

«t  tn  . w to 


I s 

G W 


s I « s 
3 $ 1 1 -» 


TABLE  I (continued)  (2)  i UV  ! : JM1 


I I 

O BJ  « 

horn 
«H  © P 

^ <°  o 

TJ  , »H 

c it)  n 

K Cj  Q 


»£ 43 
•h  o o 

©4  « 

SP  .1 

4*  (9  Rj 

o i f! 

►35 

M » 
H<0  O 
© • M 

O CM  0> 


•P  8 
H g • 

0 r)  a 
>»  « « 

© o 

TitO  trt 

oil 

H 

Pt  o 

1 s B 
fi  83 


,a  H 
rt  h 

•H  © 

o o 

§!£ 

•d 

o o o 

JZJ  *H  4* 


nsl 

© © P 
S3  <t)  O 
« g *rt 

M p 

a « 

•H  • 

w a 
a Big 

SP| 

44  p • 
H *H  44 
OHO 

► es* 

3"  f? 
« 0 © 
O H ► 


J*  © 

O bp 
H B 
t/J  45 
H 
• O 

« ► * 

O 'a 

•WHO 
M H H 
O *>  P 
MOO 
© Pi 

& 

4*  « O 

4»  W 43 
*H  ej 
H © Vf\ 

>>  O P 

u « « 

® H >■ 
>»  O 


o « 

e fllr 

Kf 

HOW 

h w a 

H H 

S S i© 

w a 
p b*  « 
h « u 
<n  w 

8 .8 


n w 

g mts  • 

P IN  O 4» 

h • 3 n 
o 3 c 

• 4» 

P P «H  . 

O *H  O <H 

•5*  . _,  ° 

CO  ► P 
O O »d 
U M5  H P 
cion  e 

O l/\  O 4» 
Sb  rl  Pt 


h » g 

•sfs 

OHM 

s:e 
8 1 ^ »’ 
SSK8 

H • O 

& A *»  M 

4)  O 

g w • -8 
5?  +»  H 

5 O o © 

fi  © O *tJ 

:«s 

4»  H 6j 

>>  1 « « 
H BP  Q 
O © 

P P ,M 
4»  O P,  V 
Ohs© 

w +»  « 4* 
H O H 4» 
M B O B 


O ► M 
H Q P © 
«•«•*■» 
OC'4J  fl 
M rs  j w 
» i S » 

O « g,x> 

^ p 43  H 
«££  8 
£ ©*3 

1114 

Sgf  8 

f • 

’ai? 

O W ,©  p I 

X oS  # i 


H Pt 
H B O 
0)  JO  0 
O E4 

MD 

H 

11 

o 

3 

H 

11-12 

VO 

cn 

i 

VO 

CM 

H 

H 

o 

5 

cn 

s> 

d> 

H 

s> 

2 

CM 

3>  $ 
8 3$ 

« © H 
»»  O O 

CO 

5 

ft- 

A 

»n 

0 

•p- 

1 

NO 

K 

o 

in 

ci> 

o 

• 

in 

s 

© 

s 

4 

O 

• 

Ov 

? 

-«j  >■ 

rH 

H 

H 

CM- 

rH 

in 

CO 

H 

On 

a 

V 

4»  t*>  K • 
© « 4?  O O' 

O 

o 

O 

o 

o 

o 

O 

o 

m « *4  p « 

o 

o 

O 

o 

o 

o 

O 

O 

O p w p,*^. 
P P P P.  ej 

CM 

H 

CM 

H 

CM 

rH 

CM 

CM 

CM 

H 3 © a S 

OP'-' 

HOP 

HP© 


O H 

C5  *0 

33  n 

® h e i- 


TABLE  I (continued)  (3) 


Cl 


..  :j 


•s 

o 

§ 


Vt 

w 


H ft  • 
d BO 
« ® 0 
O £h 


It  rt 
rt  H 
JO  42  H 
J?  O O 
«J  {*• 


a 

P tn  K O 

42  rt  P O • 

nd  «ri  h tf 

o rt  « p.  w 

e t,  C 

<J  J «,«  g 


P 
rt 

H « 

« OH 

$“J 


M 

42 

a! 

i1 

rt 


Ij 
P 
O P 

<H  P £KO 
■H  4J  ' 
t3  W 
42  P 
At  W 

to  « 


« 

H 

& 


£ 


*§ 

I 

•rt 

*H 

o 

§ 

p 

P HI 

U rt 
u a 
a *> 

JUL 


H 


. 0 5 

& fi  05  • 

. b „ «j 
* OH 
to  vo  o fO 
BN-H  . 
O P V 

t ' g£ 

0(0  MH 
H • ai  o 

B^Sis 

e H p o 
one 
O rt  P rt 
£5  *h  P W 


s> 

I 

o 

04 


VO 

04 

<A 

C^- 


o 

o 

04 


O 

O 

vn 

•> 

o 

H 

H 


o 

2 


sg 

8 

o 

o 

M 


O 

OT 

* 

H 


H .. 

3 * 
o 

H 
• 0 
rt  ► 
o • 

P H *0 

s *a  & 

»:* 

fe 

ptP 

a &*a 

Port 

o +* 

p 02  >• 

» vn 
o cm 
-*  o . 

p P 

II 

O » j 
Pt  • 
O M 


04 

rt 


vn 

5 


o 

o 

H 


00 


O 

O 

vv 

o 

V0 


rt 

rt 


P 

P 


a 

a 

H 


O 

P 

tn 


Vi  Vi 
o o 
CO cm 


P 42 

*!•« 
H§. 
■s  at 

v • 


§ 9)  0 

o p o 

8 S3 

•°  88 
« P 
p a M 
o « y 

4S3 


o 

CA 

A 

(A 


A 

04 


O 

O 

CM 


VO 

4- 


s 


0 

P 

CO 

Vi 

vn 

04 

1 

P 

in 

Vi 

vn 

_£n_ 


H 

•si 

0 * 
fl 

‘H© 

M O 

1 ^ 

rt  P 


► 


u 


O 

• « 

pvo 

0 CM 
P , 
to  I 

8 CO 
* • 

O-  • 

® « 2 
rt  B P 

-2  P .9 

rt  p *h 

«5  «H  CO 

o o 

trt  ® H 

m 

H 

O 0 o 

!*5  ► 


(A 

(A 


VO 

*? 

CO 


o 

o 

CM 


O 

O 

o 

*» 

VO 

CM 

CM 


CM 

3 


X 

t*5 

w 

o 

o 

H 


o 

•rt 

W 


Vi  Vi 

IT  » 

<V CM 


rt  {% 

0 i« 

>d  o 

rt  fp 

h i . 

« ?s 

nil  t) 

$*)  HP  T* 
JH  P Q 


*»il 

POP 

S S j5 
•P  rt  rt 

CD  fp 

i « p 

O p o 

8 S3 
■“BS 

•g  O A) 

Q e>  o 

Drift 

-<?  » X 


O 

°? 

vn 

CM 


vn 

3 

CM 


O 

o 

CM 


CM 

A 


s 

to 

Vi 

0 
vv 

1 

•rt 

WS 

Vi 

o 

vn 


8 


i 


co 

rri 


vn 

CM 


vn 

CM 


CM 


2 


o 

p 

CO 

Vi 

CM 

t 

•ri 

to 

vn 

CM 


O 


SSn 

*3 


► 

o 


■{tf 

S 

b «*. 

IS 

p 

■8  IS 

!i» 

p 

M • 

» H . .. 

JJrlrt 

rri  02  »HP  .. 

HO  H » P P 
rt  P P H 
P ® « > O 
« p O _ ► 

e HP 

rri  M W)  P 

A 0 3 H 

pifi  fl  O # 
•tj  P P t-t  o 


*J  _ 

® • cn 

B « 

R » O 
P H P 

•ft 

•h  vn 

P*  rt 

® o 
a ® 


5 


o 

*? 

CM 

vn 


vn 

CM 

rt 


•rt' 

VO 

CM 


o 

o 


3 

rH 


$M 

r-i 


, CM  I 

1 >• 

rt  k o 

P O O P 

02  V)  Cl  P 

«d  • ® Sq 
^oo 

_ P P O o 
•d  'A  ft  N H 
« CA  P wv_y  CM 
K P Pt  O O 
M P p jd 

gp^tocojg 

04 

o « o 

O P 43 


I 

N-4 

+> 


#sf 

tt 

Pi  o 

M w 

o ® 

p p 

,•5  8 

8 '"8 
P •* 
m H CM  » 

s £Na 

e « P o 
H 5>p 
t»»  pro 

rt  p 

•rt  p vj  61 

°o 

..8^ 

P o o 
M P MP 
W rt  P p 


I — I 

n 


CM 

rt 


A 

4rt 


co 

CN 


CM 


o 

o 

o 

rt 

co 

Cv. 

rt 


CA 

3 

trt 


TT 


« p 
m o e 
WOP 
« 0«rt 

rt  vnp 
PttArt 

rt  o p & 
o O rrt  p 
O CM  O rt  rt  • 

pw  O P 42 

H p rt 

p rt  » ® w » 
ro  o rt  rt  rt43 

rt  p ,§  p I w 

f5  m o «cm  " 
Vi^-ViP  fc  ® 


© M 
M _ • 
0)  4 H 
t*  4»  (H 
© .rt  © 

to  * © 


rt'S.W 

•r!  Jkd  r-t 
» © „ 
83* 

c'°  ri 
rid  B O 
•rt  ft  t? 


£j  *£>  * 

s 

43  © 

■S  « « 

b hg 

4l  JJ  ? 

4»  H *rt 
•rl  © to 
MO 

o 5 

• »rt  © 
» Vl  „ 
MM© 
.ri  © H 

6*8 

^gS 

i +»  p p. 

fi  45  8* 

©Vt. 


2 4h  g 
W o 

. 

B © M 

8 IP43 

•rt  <W  4*  • 

n db  (J, 

© O 5J  j-tj 


•g,  ► &JS 

K © © 


g ,P^,e 

d «N& 

3 AN* 

B _ P»  O 
o o^o 
N H „ 

© , g A 

H O 4* 

<D  o M ^ 

!4  VlM  > 


©BO 

OB  o 


M {w 

gas 

®g§ 

< 


£•8  5 

«OH 

* *2 

«t  t* 


a 

o 

<*»  K K • 

« b ■*>  o tf 

nd  ® *H  M © 

O M to  P.~~- 

S St  s s*  s 

•<  PJJljE 
OR*-" 


«J  H « M 
Eh  h o 
© © U p. 

s°s  s 


a 

St  2 

*•;  «rl  fi 

•rH  4>  ©%0 

u » T I 

© *h  a o 

Pi  *4  H 
<W  « © 

« 


O 2? 

1*  *J> 

JN  rH 


0 6 8 

3*  B. 

H >?43 
•H  >o  K 
w o «H 
, P 0 
b»*  r 

r©  ft  d 

5 1 IP 

; d eJ  *H 


a Od  o 
« «J  fi  Ct  ^ 

jm?3 

15*11 


MOM 

K.'0  5 
; «o  « 
o « 
« A ri 

! K 

*D 

1 ** 

J?S?i 


d d 
5 o 

8« 

l°g 

© o o 

•H  «H  f© 
H 4»  M 

tig  I 


M Jh 
&o  O 

a £ d 
o o o 

•ri  H 4> 


fl'H  H H4»'fl  H#Jj 

ass 


•©  o 

a 8* 

© p ft 
M d O 

I1! 

s%Z 

V o g 

*W  Q 
rH  ^ M 
■ri  cl  O 

to  Jzd  p* 


1 s 
!§■*• 
8f  8 
tSfi 

•h  <a 
. H © 

O £ B 
©Of) 
■ri  <ri  O 
rH  4>  M 
■ri  Bj  O 

to  {2}  p, 


% g1  . %& 

M <H  M cj 

© «SE 

t-dS  18 

© M *rl  ® M , 

■*>  Bj  H 4*  & ft 
d 8vt  ri  s o 
P4  6 P »H  © 

■ri  © rid  © r-l 

01  +>  44  « 4i  •rl 

^*d " 

O O , © O 4S 
rH  to  rid  H W -P 

aaaaa* 


fd  o H 

dp  <3 

I’d  w 

e o4 

rH  B 43 

M'S 


(continued)  (i) 


u w . 


gin 

*3* 


,*% 


5 « 5 
2 B 

^‘3 

ri  o <H 

Si!  « 

°&;S  . 

*5*8 


•n  r 

© J3  • * 

Sh  04 
® -H  * 

fcfeSS 

JUSiS 


3 to 

O Eh  o 


© « 


j*  H VO  VO 

• • • • 

vO  vo  vrv  VV 


fi  © 4i 

©OH 

3 £ 


. VO  VO  vr»  ^ 

3 cW  d> 


\Tl  \T\  vn 


£ 4>  » 

So  rip 

<3}  r-l  © h 
« © M | 


fci 

o H H 

*H  H gvo 

<H  4*  o L 
O M I o 
© *rl  Q H 


O O O O O 

VO  vr\  CM  VO  CO 

\n  CO  H vrv  vrv 


v\  CO  H vn  vv 

f\  ^ VI  m V) 


x n n 5: 


g1  o o o 

B a H W CA 


0 — 0 
VT\  VO 


I «>  £ 


Ul  . I *3 

S8SS  § .§ 

&.H  nd  «S 


« J 

*cJ  *d 


B 8 8 | 

o o o tt) 


^£8 

IS! 


ta  tft,d  • 

18  no 

£«& 

# « •> p* 


K,  . - 

*11* 


sefel 

8“ 


a i * : ] 

®.3sl! 

Sr0?* 

” « * « 

g*  fl  JO 

4»  © O B 

« «H  *H 

©MM 

I o 2 
M M ® 
O W P< 


gw 


H V)  O ' 

o <H 

o 5?  d 
. *r>  © • 

SotflS 

« *.fe 

gffis 

O ► © M 
tj  r» . o 
« • ft  O d 

o © 4* 

A in*,  « o 

O . © « 

St  *33 

fi  a S ■*» 

® 5 o h as 

O d 4» 

n « S « § 

|sss 

O •♦»  o * *5 


••$  £ 

nj  H 

PM# 

d (0 

8 «£*< 
-.09^ 

<§&£  ? 
H ® © £? 

MM 


. rt  %*  * 

<*»  p © d 

tj  H *H  iQ 

«t4  © d • 
-9  O © fi  H 
a e u 
O «H  H fe 
HO  M» 

f ©uS* 

» g 60  © •£ 

* Sd'&fr 

«H  O « © O 


* 

JsISI 
8(8*.“  . 
s .sajs 

ssls" 

g i§^«  $ © 

B 8 p 5 

•rt  4*  8 

m ««ho 

« © (A 

?«Ss-  . 

■ ^ c2  - 5 >» 

• ifl  H4  3 pH 

if I 

OS  d «H  <H  © O 

SP.S 

•H  H 8 UH  * 

ss  zSz's 


®H  H 
edH 


5|§| 

d 4»  d © 

#oK 
o v © © • 
© H fe  fd  T» 
H © » O © 


© d 4» 

4»  H S O 

«w  eJ  h d 

o © «w 

•d  c 5h  « 

.•JS*.°* 

*8^88 
H O g > *rt 
rt  m © » 

© no 
d H © »M  d 
• &H  g © 

4*  H >H  3 

52  2 -S  -K  *S 

«4  © © © 


m . 

•h  $>cfc 
° ©^? 
as  i*£ 
S«  s* 

•°tg  . 

?|  s^l 

R « e$  £ 

l)  H ri  rl  ^ 

©ode© 

»5^5 

1s%3* 

1*3*1 

H © M 

si?ssH 

tJ  4*  d U 
rl  o 4*  U V 

38 ,8  At 


n 

© o 

I »cf 

N o • « 

:m 

H 90H  M 


P J|  ^ 

© £ O*) 


1|« 


0 0 0-4  4»n 

5 * %*  o& 

S ^ * » CAM 
HcS 

^ 

^5  B'8  ©S 

s-1111 

*•?-.©  rt  U 
° « « ft  o« 
o o o ► 

h <H  «*4  t>> 

© m »hh  tr 

4»  O PHH« 

«H  ri  6 * «e 

-S  p.  © O O A 


Sf«i 

S£!° 


« « 

hi 


4*  iS'™*  H 
© « 4?  K O 
•d  « «rt  o • 
S J-I  » ft  C 

“II  If 


© 44  n 
uh  a © 
if  H * d 
M © d © 

rif 


aSS 

VlH  E 

■HO  O 


8&S 

•h  © a 
V d *H 

IS3 


i>«r  +«U)(*f  Osl-'Ml,*.  m v x.il'ir 


WJiir  V.T.1  iv »•  -t 


A*  my  Ixi  seen  txon  fable  XT,  all  the  sanplee  of  Darby  #2  given 
heating  os*  quenching  treatments  epor&tsd  with  explosions,  either 
causing  chunks  of  anode,  material  to  fall  off  or  mating  th*  a&odc 
sawplt  to  blow  apart*  except  the  extruded  Darby  #2  quenched  in 
molten  lead  from  1350®C»  (So.  4»6}« 

Shit  lead  quenched  Durhy  #2  behaved  favorably*  operating  at  loir 
coll  voltage  for  14.5  heart  with  sosa®  erosion  of, the  lead  from 
tho  Maple  at  evidenced  by  tho  noddy  color  of  the  electrolyte. 

At  tho  tad  of  thit  period  thoro  wat  aa  explosion,  blowing  off 
one  large  pitot  of  anode.  Than  tho  lead  wa»  removed  from  the 
staple  by  soaking  in  35^  nitric  acid  for  3 day*,  it  behaved  like 
Durhy  #2  with  frequent  explosions,  Shot  it  aeeas  that  the  lead 
content  of  the  ordinal  ample  was  responsible  for  the  favorable 
behavior  of  this  lead  quenched  Durhy  #2  (see  Sable  XT)* 


Durhy  #2  series  treated  by  an  aqueous  HI-BHO^  Mixture,  by  an 
aqueous  HI  solution  and  by  a caustic  solution  showed  rapid  surface 
erosion  and  spalling.  Vo  explosion*  were  observed. 

GKLebar  heating  sections,  treated  by  aqueous  HI  and  by  nitric 
acid  eroded  appreciably  particularly  at  the  electrolyte  level 
with  the  staple*  finally  breaking  off  at  this  point. 

Intruded  Durhy  #2  tussled  in  SiC  grain  and  also  in  AI2P3 
operated  with  • evert  spalling  and  numerous  explosions  in  the  cell. 

Decarbonised  Darby  #2  polarised  as  did  a ample  of  Durhy  surface- . 
smoothed  with  a diamond  she  si.  She  latter  sample  aleo  showed 
slight  spalling  (set  fable  T). 


The  Globar  heating  sections  Impregnated  with  furfural  (Ho.  6*1)  „ 
with  linseed  oil  (Ho.  6-3) » with  silicon*  water  repellent  (*o.  6-5) 
and  with  paraffin  (Ho.  6-7)  operated  at  too  high  a cell  voltage 
to  be  considered  practical* 

She  Durhy  #2  ample*  impregnated  with  lins$ed  oil  (No*  6*40  * with 
silicone  water  repellent  (Ho.  6-6)  and  with  paraffin  (Ho*  6-8) 
operated  quietly  at  first  in  contrast  to  their  usual  behavior  but 
after  a few  hours  the  customary  spalling  and  explosions  were  again 
evident. 

A $Lobs?  heating  element*  coated  with  plat  Iran  (Ho,  6-2)  operated 
with  the  cell  voltage  increasing  rapidly  after  oa»,iW;of  electro- 
lysis and  with  a slight  erosion  of  anode  surface  (pee  fable  TX)« 


CONHOlNUAL 


- 21  - 


'U  M • 


i • icj 

fO  * o 
•rt  *H 

m « M 
3 M 
O H P« 
*H  O 

O 4»  S 

*8  i 

8 *2  a 

. *rt 
4»  « h> 

5»  Js|  H 

8£CM  O 
B'>4» 
•rt  H 
HI  * 

H N e 
•a  . ft 

p;  H H 

ST  « h 

+» 

® «h  e 

i:i 


afSi 

O Q H « J 4*  H »H 


o Q r-f  ® • 

* •*  ft  * £ 

<H  • O g $ 

M H *rt  M 


M H *f4  M | li>  cl  Sm 
£ * » 4*  4fl  g U 


4*  H *H 

8-°  * 
H *>  « 

*t  8 
# a £5 


r»j  h 


o •>  « 8 14  fl  4* 


4»  p U)l  . {s> 

43  a Z ft  5 4»  rf 

4»  e ho  *h  «j  • o 

2 .51  >,wiJ 
• f 88 
rHH§  ■sc 5i 
§*S  ^ ° l23® 

<d4*»(  b +* 

2*  S 
«&« 


V 

49 

tt  4*  B 


StS 

Vis 

t)  at 

« Eft) 

O g O 
«f4  « g 
« .. « 


b W Jl  *H 

"SfiSe 

3«  *>  *rt  H 

B . ,o  • 

i:^I 

P^Ss 

«H  H w B*> 

_ *h  _ h rt  a 


<5  sr  Se  $ *°  « « £ ■ ■ & 3 • £ H -5  O d ‘p,  K 3 ^ g 


i|iji!||*3-!. 

e «)4»  £ $ R « S 

V)  4*  r-J  _ ® Bfl  ft  O rl 

• §5tt5?3H«>?S 

H & «3  « A<  H ’d 

• « +»  4*  p B!,  o 


► M n « s 

. . «*  O 

gH«28 

5 3 3,  £3 


V « * 

££8 

8SA 

«•}  . 

• « « 

<d  > «rt 
0 0 4} 

8 51  ft 

•oi&h 
SS  o s 

0^14(4 

S3"* 


s& . 

• <o  o 

cj>  B o 


Sh5P 

ess 

r>° 


-4}  t>>  • B 

« fl  4f  M O 

•O  « «r4  O • 

o U * M o 

*i!k 


H » 
«Hh« 

« B & 
a p B 
o>  8 


S3  S'? 

O W I o 

Jt  » J M 


■ 


» >ri 

CM  O • 

*#»«-«  » 


#,od 
•h  « 
•ri  !4 

« • *H 

•d  O V< 
£ o H 

•P  O «H 

gvoo 

cm’S^ 

tD  *H 

&$  . 
tJ  « o 


>d  O VT\ 

| 3H 

1 8 i 

tLSA. 


Xtr  Avr*"*"  - 


^ - 

IJLj  A 

o 

IJL 


w 

S'" 

► *o 


JO  H id 

§*3  2 

4 °i£ 


e 13  i?  K ,. . 

g s « s ^1 

■Sis  I' 


c 43  n 
M 0 « 
OH  « h 
Cri  h « 

sm. 


& 

O •£ 

£ £ BvO 

•H  4*  O I 
l)  B to 

I'Sjfl 


$ I 

rH  rH 

I I 

4*  43 

■a  -a 

*H  *rt 

■3  *3 


*3  S 

M H 


* * 


vu. 


CM  -ST 

& 3 


g g 

W CM 


A J 


S 3 

H M 


4 

*e 

IS 

O'  «p| 

*£?  ^ 

§ 'g 

°g 

fl 

a» 

4*  <rt 

« & 

4» 

tftf  » 

gls 


zSt 

• 4*  • 

IIS 


i is 
B S 0 

g * ft 

;** 

5n  * 

Bsog 

K 4*  M *4 

V.DSS 

o u 

m w a 

»|S. 

H ® P A 

H ° w *H 

IIII 

C 

• • H 

M s * fi 

• P «rl  a 

►»  O K & 


8£ 

'§  »»$  * 


S 5 p*o* 

i m 

mu 

JK*I 

•H  O PH  cl 
C S 

M3  .Ifi  li  *!  V 


© 4»  U « W 

^SIC  u 

• H- 


S3 

v)  m?> 

CM  CM 


00  ly 

CM  CM 

1 A 
. • • 

icn  o 

rH  rH 


O O 
O O 
CM  CM 


S3 

O ^ 

*r#  O 


V\ 

VO 

Cj- 

CD 

»K 

5\ 

gRtoxsLM'.o*.  2 La,  .ffastf.  lUiaaa 

A oast  silicon  metal  rod  (Ho.  7-1)  polarised  almost  immediately, 

A rod  of  oast  silicon  metal  that  had  been  melted  in  a helium  at- 
mosphere (No.  7-2)  behaved  similarly,  showing  no  erosion  hut 
polarizing  rather  rapidly  (see  fable  VIZ). 

Sa&mxzJS&JLs.  J-ar.-iaUgas-ia^hysifial,,.  MsmsXsM. 

A sample  of  three  thicknesses  of  Masonite,  welded  together  by 
impregnation  with  Bilicon  (No.  8-2)  failed  because  the  individual 
layers  separated  (sea  fable  VII). 

Graphite  rods  coated  with  silicon  carbide  crystals  (No.  9-l) 
eroded  through  the  SIC  coating,  and  then  there  was  severe  erosion 
of  the  graphite  (see  fable  VII). 

fifttegfltsJfc*  jQ  - HiiMllaams 

In  this  group,  the  carbonised  Masonite  (No.  iO-2),  the  non-porous  ‘ 
graphite  heated  in  molten  silicon  (No.  10-4),  and  the  Eefrax  mar* 
terials  (No.  10-5  and  10-6)  eroded,  fhe  cold  pressed  silicon  car- 
bide r a crystallised  in  helium  (No.  10-3)  and  the  Durhy  No.  1 rods 
with  no  free  carbon  (No.  10-i)  showed  no  appreciable  erosion  but 
operated  at . increasingly  high  cell  voltage  (eee  Table  Till). 

B*  Egad  .jfag&ivaPitotea.. 

i*  ftmyy.  a£  F?*xlQ}&.yrp?k,?pm,  Mv.ittl  Pro&st  JSR,3l>.Sr.2$3/. 

..and 

In  1951  load  dioxide  plating  was  attempted  from  the  following 
baths:  lead  nitrate,  lead  nitrate  and  aluminum  nitrate,  lead 

acetate,  and  alkaline  lead  tartrate.  No  satisfactory  adherent 
deposit  of  lead  dioxide  could  be  made  on  steel  from  a lead  ni- 
trate bath.  Several  baths  based  on  lead  acetate  proved  unsatis- 
factory for  plating  on  steel.  Monel,  nickel  or  tantalum  sheet. 
Addition  of  gelatine  to  the  plating  baths  did  not  seem  beneficial 
at  the  low  current  densities  used.  An  alkaline  lead  tartrate 
plating  bath  was  developed  to  give  adherent  deposits  of  lead 
dioxide  on  the  above  baBe  metals.  A few  screening  tests  of  lead 
dioxide  plated  electrodes  were  carried  out  in  a small  beaker 
chlorate-perchlorate  cell  without  conclusive  results* 

In  1952  it  was  shown  that  anodes  of  electrodeposited  lead  dioxide 
on  base  materials  such  as  Monel,  nickel  and  steel,  which  are  them- 
selves easily  eroded  in  the  chlorate-perchlorate  cell,  are  not 
practical,  since  the  base  material  Is  rapidly  disintegrated  as 
soon  as  the  continuity  of  the  lead  dioxide  is  broken,  even  at  a 
pinpoint.  Brief  attempts  to  prepare  a pure  electrodeposited  lead, 
dioxide  anode  by  depositing  a heavy  coat  of  lead  dioxide  on  copper 
and  steel  and  then  dissolving  away  the  base  metal  with  nitric 
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and  hySs^ahlorie  acids  respectively  w« 
simultaneous  attack  on  the  load  dioxide. 


toe  to 


Several  “bath*  we  developed  £w  plating  3,0*4,  Aloadds  on  a ta#* ;..'  *. 
talua  base*  Xorwally,  ttotalw*  im®Aiat*Xy  polarise*  aaedioally 
ia  most  electrolytes,  including  that  of  the  eiOorate^^chlerato 
803.1*  She  bathe  from  vhioh  the  highest  quality  lead  dioxide 
deposits  on  tantalum  eeraXA  bo  Obtained  were  a&  alkaline  lead 
taa(sfa*ate  (#?K),  JLeed  nitrate  (#a«)  and  lend  perchlorate  (#X*-l), 
The  Ufa  of  load  dioxide  plated  tsatalua  anodes  la.  lb*  chlorate* 
perchlorate  oall  varied  widely  and  ierx-atdcally.  2».»*st  ease*, 
the  anodes  failad  toe  to  the  load  dioxide  foiling  loess  rather 
than  smocthly  eroding*  She  maximum  dhlorate-per  chlerate  oall 
Ufa  of  these  load  dioxide  coatings,  which  Tax  lad  la  thiokmesa 
from  0*002  to  0*008  inches,  vai  sight  days* 

Load  dioxide  vu  readily  plated  oa  Darby  #2  >a#t-  (ate  Section  I-JU 
l)  and  oa  a eyatheiie  magnetite  kaa.  A prellaiaary  testing  ' 
of  thaaa  plated  aaodaa  ia  the  ehlcrate-perehlwate  oall  gave  suf- 
ficient proalaa  to  emrrant  farther  study.  Deposition  of  lead 
dioxide  oa  Dnrhy  #1  base  (Section  X-A-l)  could  aet  hr  satisfOeteiHUy 
accomplished* 

A smeeth,  adhareat  alaetrodapoait  of  lead  dioxide  oa  east  silicon 
was  easily  obtained,  and  the  electrode  operated  smoothly  ia  the  ; 
chlorate-porohlceate  cell  oatil  the  tiliopn  shattered  is  the  oea»; 
tlauity  of  the  thin  lead  dioxide  deposit  eras  broken. 

Plattnerite,  a rare,  naturally  oocurring  massive  laad  dioxide, 
aparatod  smoothly  as  anode  ia  the  chlorate-pearohlerate  oell  at  is 
low  voltage  without  shattering  and  with  Tory  little  eroslam. 


Continued  plating  and  testing  of  relatively  thin  lead  diexide 
coatings  (about  0*01  inch  maximum  thickness) , en  tantalum  pro- 
duced  the  same  erratic  results  as  noted  ia  1 952*  One  eleetrode 
ran  for  12*2  days  ia  the  chlorate-perchlorate  cell  at  a currant 
density  of  0.1  map./cm.*,  with  an  efficiency  of  **8*9  percent*  , 
A number  of  other  electrodes  plated  in  the  same  manner  operated 
far  as  short  a time  as  a few  hours  before  failure  by  tantalum-  - 
polarisation  and  a breaking  apart  of  the  lead  dieacide  eeating. 


Mir 


In  view  of  the  promising  results  obtained  la  & preliminary 
test  of  a naturally  occurring  massive  lead  dioxide  as  anode 
in  the  chlorate-perchlorate  cell,  effort  was  cones&trated  am 
electroplating  lead  dioxide  in  massive  forms  oa  various  base 
metals*  Sable  IX  shoes  in  detail  the  plating  conditions  for 
these  massive  electrodes  including  type*  of  base  materials 
and  thicknesses  and  weights  ofdsposltt*  first  efforts  mere 
directed  toward  plating  the  lead  dioxide  on  only  one  side  of 
a flat  bale  metal  by  blanking  iff  the  edges  and  baek  vith  am 


«a» 


inert  material  such  as  Plexiglas.  It  was  hoped  to  strip  away 
the  “base  metal  'backing  to  produce  a pure  massive  lead  dioxide 
anode.  After  plating  electrodes  19XA  to  D (Table  XX) , the  de- 
position of  lead  dioxide  on.  only  one  side  of  a base  metal  was 
abandoned  due  to  the  brittleness  of  the  lead  dioxide  and  the 
failure  of  the  blanking  jig;  the  lead  dioxide  grew  in  large 
nodules  along  the  base  metal  edge  around  the  sides  of  the  jig 
and  also  through  sealed  jig  joints. 

Heavy  elestrodeposits  of  lead  dioxide  were  readily  made  on  tanr- 
talua  rod  without  any  nodular  growth  or  treeing  in  the  LH-2  bath 
at  current  densities  of  20-30  amps./ft.2  and  a temperature  of  7°*0» 
Massive  lead  dioxide  deposits  were  also  made  on  flat  rectangular  | 
sections  of  Monel  screen  and  tantalum  sheet,  gauze  and  sereen.  • 
In  these  cases  there,  was  some  nodular  growth  at  the  edges  which 
could  be  cut  away  on  a diamond-edged  circular  saw  or  ground  down 
on  an  abrasive  wheel.  Tantalum  screen  of  sufficient  weight  to  i 

remain  rigid  and  flat  in  the  plating  bath  is  now  considered  the 
moat  satisfactory  lead  dioxide  plating  base  because  of  its  inert- 
ness in  the  chlorate-perchlorate  cell  and  the  interlocking  afforded 
to  the  lead  dioxide  through  the  screen  holes. 

During  the  plating  operations  it  was  found  that  the  addition  of 
0.5  g./l.  of  copper  nitrate,  On  ($03)2* 3^2° • to  the  IN-2  bath 
was  sufficient  to  prevent  plating  of  lead  on  the  graphite  cathodes. 
The  addition  of  0.5  to  O.75  g./l.  of  gelatin  to  the  LH-2  bath  had 
a pronounced  effect  in  reducing  the  graininess  of  the  lead  dioxide. 
However,  the  massive  deposit  had  a much  lower  fracturing  strength 
as  compared  to  that  plated  from  a gelatin-free  bath.  Extended  ex- 
perience has  confirmed  the  observation  that  the  efficiency  of 
lead  dioxide  plating  from  any  of  several  baths  is  practically 
100  percent  with  a freshly  prepared  or  replenished  bath.  Litharge, 
PbO,  has  been  used  to  replenish  the  XN-2  plating  baths  after  each 
plating.  To  date,  no  attempt  has  been  made  to  maintain  the  ini-  \ 
tial  pH  (3.5-4)  of  the  lead  nitrate  bath  during  plating,  so  that 
the  pH  dropped  to  0.5  or  lower*  and  some  nitric  acid  was  lost  fro® 
the  hot  bath  by  fuming.  Thus,  in  replenishing  the  removed  PhOg 
with  an  equivalent  amount  of  PbO  it  was  necessary  to  add  some  j 

nitric  acid  to  dissolve  all  of  the  PbO,  The  composition  of  the 
IN- 2 bath  is  given  in  Table  X.  When  plating  on  a flat  base,  at 
constant  current,  the  area  and  thus  the  current  density  did  not 
change  appreciably.  However,  when  plating  on  tantalum  rod,  it 
was  necessary  to  increase  the  current  in  finite  steps  to  main- 
tain approximately  constant  current  density. 

X-ray  diffraction  and  spectrographic  analyses  were  made  of  portions 
of  several  of  the  massive  lead  dioxide  deposits,  and  the  results 
are  detailed  in  Table  XI.  In  all  cases  the  deposit  was  identified 
as  Pb02»  with  lead  as  the  only  major  spectrographic  constituent® 

The  minor  constituents  were  not  especially  significant,  but  it  was 
noted  that  nickel  appeared  when  the  deposit  was  made  on  Monel  screen 
or  on  tantalum  rod  with  a nickel  wire  coiled  about  the  upper  end. 
Also,  copper  appeared  when  the  plating  bath  contained  0,5  g./l* 
or  more  of  copper  nitrate  (eee  Section  I.-S.-3), 
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Naraa  - Acid  Load  Nitrate 
ForimLa  - L&»2 

Lead  Nitrate  Concentration  - 350  gram*  per  liter  pH  - 3*7 


Prepaxi?  Mon: 

269  ala.  of  69.95S  nitric  acid  (2 66.5  gas.  HNO3) 
1000  al*.  distilled  water 
472  gas.  lead  oxide,  PhQ 


Add  the  lead  oxide  slowly  to  the  diluted  nitric  acid  with 
stirring.  Dilute  to  2 liters,  and  heat  to  75*0.  with  stirring. 
Allow  to  cool  and  let  stand  for  twelYe  hours.  Pilter  through 
sintered  glass. 
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MASSIVE  LEAD  SICDEIBB  DEPOSITS 


L.H.B. 

Hofereae* 

XRD 

Analysis 
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EBi 
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A mtribe?  $£  efeaagu  were  wd*  in  th*  procedure  #0?  teiting. 
th*  aboW  KiaSSiV®  l*&d  ftioXjU®  «80tet  in  th*  ;Meratt-p*r» 
chlorate  coll  a*  ce«p*yod  to  that  follewsd  with  thin  electro* 
deposits  of  load  disail#  in  19&*  ®x*  o*Us  were  coaled  by 
partial  lamrsion  directly  Sato  a refrigerated  hath  insteed-- 
ef  circulating  coolant  through  s*all  area  ceil*#  i*ai*rs#d  in  ■ 
the  cells.  .0*11  currents  wen*  maintained  eoa*tant  as  before 
by  man*  of  electronic  controller*.  Glase  was  eubetitutsd 
fen  stainless  steel,  stirring  red*  en  th*  motor  stirrer*  be- 
cause of  poor  electrical  shielding  fro*  th*  motor,  It  wa* 
found  unnecessary  to  pr&vid*  any  surfae*  protection  for  th* 
massive  l*ad  dioxide  anodes  euoh  as  a Silicon*  grease  coating* 

*r  ffygon  sl#*vee  at  th*  lJ.quid-air  interface,  which  had  been 
used  to  prolong  the  cell  life  of  thin  lead  dioxide  electrode- 
posit*. 

Sabi*  XXI  Xiat*  th*  current  *f£ici*nci**  obtained  with  massive 
load  dioxide  anode*  in  th*  chlorate-perchlorate  cell,  She 
electrolysis  was  carried  out  batehwis*  at  3 to  10  ampere*  in 
cells  containing  1.0  to  1.2  liter*  of  a 600  to  630  g*/l»  sodium 
ohlorat*  *elutio*u  5h*  ds#yso  of  conversion  of  chlorate  to  per- 
chlorate  was  checked  at  2fc  to  46  hour  interred*  by  volumetric 
analysis  of  a wall  aliquot  for  oxidising  power  by  th*  broaida- 
iodide-thiosulfat*  **thod.  In  *o*t  «**•»,  th*  electrolysis 
was  continued  to  r*dnc*  the  chlwate  content  below  100  g./l* 

She  product  solution  wa*  then  reacted,  th*  c*ll  r eplenished 
with  fTash  sodium  chlorate  solution?  and  th*  t#*ting  of  th* 
lead-  dioxide  anod*  in  chlorate-perchlorate  electrolysis  con- 
tinued. All  electrode*  except  #201  were  initially  operated 
several  tines  at  an  anod*  current  density  of  0*1  aqp*/am~»  at 
which  rain*  th*  aT*rag*  current  efficiency  in  the  sodium 
chlorate  concentration  rang®  of  600  to  100  g./l*  wa*  approxim- 
ately 30  percent.  There  wa*  a snail  lnoreas*  in  current  effi- 
ciency with  successive  bsteh  electrolyse*  at  0*1  an./o*  * “Worn. 
th*  anode  current  density  of  electrode  #195  wa*  increased  to 
0.2  asp./ca  , the  current  efficiency  in  the  same  chlorate  con- 
centration raage  rose  to  t? o*  6$  to  70  percent.  Al*o,  there 
wae  a noticeable  inSPeas#  in  current  efficiency  in  th*  early 
stage*  of  electrolysis  of  successive  batch**. 

All  cell*  were  operated  in  the  acid  rang*  by  the  mans!  addition 
of  0.5*  perchloric  acid  when  necessary*  It  wa*  *ooa  found  th*fc 
the  acid  requirement  of  cell*  operating  with  massive  lead 
dioxide  anod**  wae  such  1st*  than  those  previously  operated 
with  anodes  having  a thin  (about  0*01  inch  or  let*}  deposit  of 
lead  dioxid*.  A*. seen  in  Table.XIX,  approximately  20  sis.  of 
0.5X  perchloric  acid  addition  wa*  necsssary  per  batch  electro- 
lysis  at  0*X.aag»»/cm*«  but  at  0*2  amp. /car2  no  acid  addition 
was  necessary,  and  the  cells  automatically  adjusted  themselves 
to  a pH  of  1.^.2,  In  oases  where  the.  cell  pH  was  hi^x  the  cause 
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was  fmad  to  be  failure  of  the . Oa 
reeosmencihg  liiviac,  the  pH  dropped  to  1»5  within  tea 
minutes. 

She  iraiam&at'Of  the  lead  dioxide  anodes  after.  testing  ib 
th«  <M«t«te~pi^e^iaarat«  cell*  *1  <f,l 

uncharged*  Sheri  wn*  no  localised  1?  serious  erosion  or  cracking 
of  the  lead  dioxide  deposit. 

lac  moral,  tin  p«*k»  of  th*  itwSSmmi.  load,  dioxide  crystals  . 
lost  their  metallic  luster,  « sA  under -the  microscope  * «*oo*b- 
lac  of  th*  poinki  was  apparent,  *h*a  |ho  aaodl  current  deiiity 
was  increased  to  0,2  anp*/da2,  tb*  load  dioxide  wrfajw  ini- 
tially turned  to  aa  eraags-brown  color  from  it*  normal  nark 
gray,  Shit  brown  oeloration  gradually  Msappeared,  and  IM| 
mi  otherwise  ao  attack  on  the  aaodo*  She  electrolyte  in  all 
miii  remained  cloar  and  colorless.  Weight  losses  of  load 
dioxide  aaodo*  on  eXeetrelysle  in  the  oWwat^^ehlarato 
ooll  for  period*  up  to  9 day*  on  a continuous  taels  were  negli- 
gible. She  changes  in  wsitfit  were  generally  vlWLa  • tho^oxpori- 
mental  error  in  voicing,  eoneidering  th©  possibility .of 
weight  change*  eaaced  by  electrolyte  or  wok  mtor  ^1&  vitMa 
the  per**  of  th*  load  dioxido,  A*  «oea  ia  Satlo  Xlxx,  «te '$■*», 
goat  load  dioxide  anode  vel#*  l**i  wae  equiraleat  to  a Jeo* 
of  51  grans  for  each,  ton  of  aediu*  perehlerat*  produced.  at 
50  percent  current, efficiency# 

In  view  of  the  concern  expressed  over  possible  lead  ceataminm* 
tion  of  perchlorate  STem  a coll  neiag  a load  dio*ldeaacde, 
a spectrograph!*  study  wa*  mad*  of  the  product  el^trolyl^  * • 

A spoctrograa  of  evaporated  electrolyte  from  a chlorate-pm^ 
chlorate  coll  after  SB  hours  operation  at  5*8  ampere*  with  a, 
load  dioxide  filled  ste**ge  battery  plate  showed  no  «wid*moe 
of  lead,  although  there  we*  considerable  erosion  rt  lwl  tcm. 
the  plate.  Spectrogram*  of  cathode  *cwt  and  iaeoluhlo  cell 
liquor  precipitate,  obtained  after  operating  ooll  #19*-1 
(see  Sable*  IX  aadXn)  for  fire  day*  at  J.  WPjre*  with  ea  •• 
olectrodeposited  aaiaive  lead  dioxide  anode » showed  lead  a* 
a minor  oonatituoat.  Sh*  evaporated  electrolyte _fr on  the  same ■■ 
ooll  revealed  no  spectrogwphic  trao*  of  lead,  Jtae*  the  erejed 
lead  fToa  the  anode  either  plated  out  on  the  cathode  or  formed  • 
an  insoluble  compound. 


Da*  to  the  relatively  high  contact  resistance  of  lead  dioxide, 
especially  to  tantalum,  which  mew  appear*  to  be  meet  favorable 
for  use  a*  a lead  dioxide  platlhg  bate,  the  contriving  of.*  •" 
workable, nonnesting  lead  dioxide  current  contact  has  taken 
a considerable  part  of  the  research  effort.  Sable*  XIT  and 
IT  list  the  various  method*  need  to  bring  current  late  the 
massive  lead  dioxide  electrodes.  She  use  of  metal  pressure, 
plate*  and  deep*  against  the  outside  surface  of  the  lead 
dioxide  proved  inadequate  la  preventing  heating  in  the  contact 
area  with  even  moderate  currents*  Oaeting  Of  a lew  melting 
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alUy  as  Voed's  Hetal  (n.p.  70*c.)  aroand  the  «JPP*r  . .' 
•oak*  lead  dioxide  anode , which  had  already  been  eleeely 
wrapped,  with  copper  or  nickel  v$r4  to  serf*  as  current  le*d». 
proved  acre  satisfentory.  Shis  typo  of  contact*  Su**®**®*,  . 
waul  somewhat  bulky  and.  it  vat  necessary  toprotict  the  mxtftum 
of  th»  natal  casting  fTon  insertion  or  spray  oontaot  with  t#>; 
ehlsyat e-p#r  ehl «* at e oeli  electrolyte  to  preyaat  ■erlouseer- 
rosisa.  v"  * 4 

. ' *..  * . , * ^ » 

She  no  it  satisfactory  current  ooataot  detelsped  to  date  o<»u*iatev 
Of  naasite  load  dioxide  plated  w a Tim*  asswbly  oowpootd 
of  nickel  wire  tightly  wound  around  or  otherwise  attached  to 
the  upper  tad  of  tsatalu*  rod,  plate  or  screen.  She  portion 
of.  the  electrode  containing  the  embedded  aiokol  wire  remained  . , 
abort  the  electrolyte  lerol  in  the  ohlirato-porohlwato  • sell. 

On  the  finished  eleetroi*,  the  ft—  end*  of  the  aiokol  w.W  ; 
•erred  to  carry  the  current  into  tho  load  dioxide,  5hn*»  the- 
tantalum  seared  only  a*  a supporting  W»«  and  current  carrier 
during  plating,  «i»oo  it  gradually  haatod  up  rhea  carrying  . 
•ten  moderate  currants  ia  tho  ohlarato-porohlorato  cell. 

Vhoa'mciiro  load  dioxide  was  plated  or*r  None!  screen  <W*te 
#194,  Sable  IX),  tho  Koael  #«rred  adequately  to  carry  the  cur- 
rent iato  the  load  dioxide  during  eperatitit  ia  the  chlorate- 
perchlorate  cell,  Sore  tor,  rhea  tho  electrode  was  broken 
open  after  11  day*1  operatiea  at  5 a^perea,  it  wae  found  ihat 
the  JCoael  icrtea  base  had  eospletely  eroded  way  below  the 
electrolyte  level,  leaving  roid*  ia  the  lead  dioxide,  Qe 
•pectrographie  ajmlysis  of  the  precipitate  from  the  abate 
oell  lisaora,  nickel  was  found  to  be  a -ajor  wmatiteeat  aed 
oopper  a aiaor  constituent.  She  current  efficieaoy  was  lower  ; 

, than  with  a taatalua  beat  sneda. 


Lead  storage  battery  grid*  were  teated  a*  anode*  ia  the  chioyate- 
perchlorate.  cell.  She’ electrode  coaal*ted  of  aa  anodised  lead  . , 
battery  sheet,  that  is,  compacted  lead  dioxide  ia  a lead  gri$  : 
which  waa  obtained  a#  a sample  fro*  mectric  Storaie  battery  <h>.* 
Philadelphia.  Ia  operatiea,  the  anode  portion  abort  the  ale** 
trolyte  lore!  heated  to  about  80»C.  for  the  first  two  t©  three 
hours  and  then  ran  cool.  She  electrolyte  was  light  brown  after 
24  hour*.  She  anode  failed  at  30  hour*  due  to  coiplete  erosion 
of  the  supporting  lead  grid  at  the  solution-air  interface,  , 
and  the  lead  grid  throughout  the  iaoersod  portion  of  the  anode 
was  seriously  eroded.  X current  efficiency  of  39  perobht  'was 
obtained. 

In  aa  attest  te  produce  a' lead  diexide  coating  by  wans  other 
than  normal  electroplating,  lead  tubing  wa*  anodised  to  fw*  * 
lead  dioxide  film.  Shi  lead  tube*was  first  degreased  ia  $ per- 
cent sodium  byir«4la  solution,  piekLei  in  15  peresat  aitrir  ■ ’ 
acid,  and  then  suceoaiittly  anodised  at.  t$  asp* ,/ftI  and.  25 *C. 
ia  a 30  g,/l.  sediua  cyanide  eolutien  fw  6 ninatee,  and  a 
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75s*/l*  sodium  carbonate  solution  for  one  hour.  A white  coat-' 
ing  with  “brown  spots  was  formed  in  the  cyanide  bath,  Shis  was 
converted  to  a velvety  brown  coating  in  the  carbonate  bath.  Oa 
testing  in  the  chlorate-perchlorate  cell  at  0.1  amp/ cm2  wore 
than  half  of  the  coating  came  loose  and  was  dispersed  in  the  cell 
within  five  minutes,  She  lead  tube  was  rapidly  attacked,  and 
fussy’ lead  was  plated  on  the  cathode.  She  electrolyte  turned 
milky,  and  its  pH  rose  from  3.3  to  10,  She  same  results  were 
obtained  with  an  initially  alkaline  electrolyte. 


TJpton  B.  Thomas  of  the  Bell  Selephone  laboratories  (2)  measured 
the  electrical  conductivity  of  dense  samples  of  lead  dioxide 
prepared  by  the  electrolysis  of  lead  perchlorate  and  lead  sul- 
famata.  She  specific  resistance  of  these  dense  samples  was 
of  the  order  of  200  x 10"°  oha*cm»  She  specific  resistance  of 
porous  samples  prepared  from  storage  battery  oxides  was  7400  x 
10"°  and  porous  samples  prepared  from  pressed  powder  was  14,200  x 
1CT°  ohm-era. (tee  Table  X7I). 

Thomas  made  electrical  contacts  to  the  lead  dioxide  sample  by 
one  of  three  ways; 

* 

(1)  copper  wire*  were  cemented  to  the  PbOg  with  conducting 
cement 

(2)  thin  strips  of  silver  foil  were  pressed  directly  against 
the  specimen:  or 

(3)  against  areas  on  its  surface,  onto  which  a thin  layer  of 
gold  has  been  evaporated. 

V.  H.  Falmaor  (3)  measured  the  electrical  properties  of  lead 
dioxide  made  by  electrolysis  of  a dilute  lead  nitrate  solution. 

He  found  the  specific  resistance  of  lead  dioxide  to  be  $2  x 10~° 
to  97  x 10~°  ohm-cm.  with  a positive  temperature  coefficient  of 
0.06  percent  per  degree  in  the  range  of  22-84*0. 

At  Pennsalt,  the  specific  resistance  of  a massive  piece  of  lead 
dioxide  (5*7  oa*  x 2.5  cm.  x 0»7  cm.)  plated  from  an  acid  lead 
nitrate  bath  was  measured.  The  original  nodular  plate  was  cut 
with  a diamond  saw  to  obtain  smooth  surfaces.  Electrical  con- 
tact was  made  at  the  ends  of  the  dense  lead  dioxide  by  first 
wrapping  on  copper  foil  and  then  tightly  wrapping  thin  copper 
wire  over  the  foil.  This  was  pressed  firmly  against  the  lead 
dioxide  by  screw-type  hose  clamps.  Current  was  passed  through, 
the  lead  dioxide  (4  and  8.6  amperes)  and  the  voltage  drop  across 
& 2.54  cm.  length  of  lead  dioxide  was  measured  by  pressing 
probes  leading  from  a Eubicoa  potentiometer  firmly  against  the 
lead  dioxide.  The  copper-lead  dioxide  contacts  were  not  satis- 
factory, as  evidenced  by  the  fact  that  the  whole  assembly  became 
hot.  The  specific  resistivity  according  to  these  measurement* 
was  from  4o  to  5o  x 10-6  oha-cm. 
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SPECIFIC  RESISTANCE  AT  ROOM  TEMPERATURE  OP  VARIOUS  SAMPLES 
OP  LEAD  DIOXIDE  COMPARED  WITH  OTHER  MATERIALS 


Description  of  Sample 

Specific 
Reslfltanc8 
Ohm-ca.  x 10-° 

&aaO&a&Ui. 

Porous 

Dense 

Storage  "battery  positive  active  material* 

46$  porosity  (2) 

Pressed  powder , 32$  porosity  (2) 

Electrolyzed  from  lead  perchlorate  (2) 
Electrolyzed  from  lead  sulfamate  (2) 

Electrolysed  from  dilute  lead  nitrate  solution  (3) 
Electrolyzed  from  acid  lead  nitrate  "bath 
(Formula  LN2)  at  Permfln.lt  (4) 

7,400 

14,200 

94  to  405 
1,200 
92  to  97 

40  to  50 

QtbsBU&isxteXa. 

Graphite 

800 

Mercury 

96 

Bismuth 

115 

Platinum 

10.5 

Copper 

1.69 

Silver 

1.62 
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®hi»  lead  dioxide  la*  charaotorl#tlo»  which  acre  nearly 
approach  thou*  of  natal*  than  those  of  semi-conductors,  It* 
conductivity  in  ranch  higher  than  that  of  nest  sead-conductors, 
and.  decrease*  with  temperature*  Sanaa  lead  dioxide  in  more 
conducting  than  graphite  (800  x •10“®  oh*. -cm. ) and  its  speoifio 
resistance  i*  about  aq.ua!  to  that  of  the  poorly  conducting  na- 
tal* such  a*  mercury  and  bismuth. 


V.  E.  Palmaer  (3)  measured  the  specific  gravity  of  lead  dioxida 
electrolysed  from  dilute  lead  nitrate  solution.  Its  specific 
gravity  at  20*8.  was  9*36. 

In  tha  present  study  a massive  piece  of  lead  dioxide  electro- 
lysed from  the  a old  load  nitrate  hath  (Tor mala  IK-2)  had  a 
specific  gravity  of  9*32  at  24*0. 

e.  B&TiniUL 

V.  S.  Palmaer  (3)  found  that  the  hardness  of  electroplated 
lead  dioxide  was  between  5 snd  6 on  the  Koh  scale. 

In  the  present  study,  the  massive  lead  dioxide  plates  havs  been 
hard  (not  measured)  causing  difficulty  in  machining  off  nodule# 
formed  on  thick  plates.  Such  samples  given  to  Oarborundum 
OoBpaxsy  were  found  by  them  to  machine  easily  in  the  following 
manner  (5)1 

(1)  grinding  with  Carborundum  Brand  - A 36-O6-Y30  wheel, 

8"  diameter  x l*  vide,  and 

(2)  cutting  with  a metal  bonded  diamond  wheal  - Ko.  18005, 

8H  diameter  x 0.045"  wide  (60  grit,  25  concentration;. 


An  apparently  sustained  effort  on  the  preparation  of  lead  dioxide 
electrodes  and  their  application  to  various  electrolytic  oxidation 
processes  including  the  production  of  sodium  perchlorate  has  been 
carried  on  by  various  Japanese  investigators  at  the  Tokyo  Institute 
of  Technology  for  the  past  20  years.  Koglish  translations  of  three 
papers  and  a Japans st  patent  on  this  work  have  recently  been  re- 
ceived. 

The  first  paper  by  Eato  and  Koisuni  (6)  was  published  in  193*1-  and 
is  titled  "A  Sew  Process  for  the  Preparation  of  lead  Peroxide 
inodes".  A 30  percent  solution  of  lead  nitrate  containing  a 
hydrophil  such  as  gelatin  was  used  for  a lead  dioxide  plating  bath, 
and  it  was  recommended  that  the  bath  be 'operated  at  80*8.  and  an 
anode  current  density  of  100  amps./dm.2,  "(929  amps* /ft. 25*  She 
lead  dioxide  which  was  deposited  on  graphite  and  nickel  was  said 
to  be  vary  fine  with  no  pores  and  was  mads  in  flat  platss  up  to 
20  by  15  oms.  In  a discussion  of  oxygen  overvoltage,  it  was  siatsd 


*-,1 

' ••  • . 


that  the  value  for  lead  dioxide  v**  somewhat  ^ higher  than  p£abl*u*. 
and  thus  it  oetai  lit  used  at  anode  in  the  eleetrolysl*  e£  sodium; 
chlorate  to  perchlorate*  X 50  percent  chlorate  solution 

containing-.  5 percent  sodium  dichromte  was  used  at.  eltctrclyt*. 

The  “bath  temperature  vat  maintained  at  5*0*  *nd  the  current  dampity 
at  12  a»p»./dm.*  (ill  aap»*/ft*2),  under  which  condition*  this  ed.1 
voltage  vat  4,9*  X « wrent  efficiency  of  58  psroent  *a*  attained 
with  the  lead  dioxide  anode  at  compered  to  81  percent  with,  plabi- 
am  at  the  name  current  density.  Sow* war,  Whan  theeurrsnt  density 
of  the  platinum  wat  increased  to  its  normal  value  of  30  aeps./is.* 
tho  same  amount  of  perchlorate  vat  produced  la  both  oases  by  equal 
amounts  of  powsr.  " ~ 

Sato  and  eo-vorfcerp  (?)  published  a paper  in  194!  titled,  •OttSar 
lino  of  Semi-industrial  Research  for  the  Electrolytic  preparation 
of  Sodium  Perchlorate  with  lew  KetaWLife»  load  Perexide  inodes** 
fhsy  reported  tht  oxygen  overvoltage  of  lead  dioxide  to  be  0*15 
volts  lowtr  than  that  of  polished  platinum  ia  Uf  B3K  at  30*Q,  . 
tad  a current  density  of  10-20  apps./da®2  (92e>*;L85*8  daps./ft*2) . 
Shtir  plating  hath  composition  and  operating  condition*  war*  Tory 
similar 'to  thoto  described  shows,  except  that  a lower  Current 
dtntity*  15-20  asps, /da, 2 (139»136  asps. /ft,2)  * was  used,  tho 
cathode  wat  graphite  or  a rotating  coppsr  rod,  and.  tht  load,,  dioxide 
wat  plated  to  a thickness  of  7 sm*  on  tho  ins  ids  of  a night!  cylin- 
der, Shit  plated  cylinder  with  the  provision  of  a xuit&hlo  bottom 
then  served  as  the  chlorat *-ptr chlorat a coll  container*  On  9X00* 
trelytit  of  a 4o  portent  sodium  chlorate  eolation  at  an  anode  currenl 
density  of  17  amps./dm*2  (139  asps./ft.*),  and  a coll  tmapcrature 
of  26*0.,  a torrent  efficiency  of  44  percent  wat  ehtaintd  with  nn 
86  percent  convert  ion  of  ohlorats  to  perohlerate®  X sudden  drop 
in  corrtnt  efficiency  at  85  peroent  conversion  vat  explained  at 
he  ins  canted  by  the  reduction  of  perchlorate  at  the  caihodf*  She 
current  efficiency  wat  increased  to  57  pOroeht  with  the  re action, 
carried  to  99  percent  completion  when  a saull  pieoe-  of  plattem 
(1-25  of  area  of  3f>0^)  was  placed  in  the  cell  connected  in  parallel 
with  the  lead  dioxide*  She  increased  emrrmt  efficiency  wap  at- 
tributed to  deposition  of  dissolved  platissa  on  the  cathode,  thereby 
lowering  the  hydrogen.  overroltsge  ef  the  cathode  and  preventing 
cathodic  reduction  of  psrohlerat** 

Direct  electrolytic  production  of  sodium  psrohlerat*  from  podium 
chloride  in  a single  electrolysis  was  also  carried  out*  using  the 
shore  lead  dioxide  anode  with  an  overall  current  efficiency  of 
49  percent. 

During  extended  electrolysis  with  the  anode  consisting  of  lead 
dioxide  on  aiofeel,  the  niche!  hate  was  oxidised*  causing  contact 
resistance  "between  the  load  dioxide  and  aigjesl  to  increase*  and 
thus  the  voltage  for  electrolysis  to  rise*  In  addition*  the 
electrolyte  seeped  through  pinholes  in  the  lead  dioxide  and  die- 
solved  the  nickel  base,  causing  electrode  failure*  It.  was  found 
passible  to  separate  the  lead  dioxide  from  the  nickel  base  by  .cod- 
ing, and  obtain  a long  lived  electrode,  taking  advantage,  of  the 
greater  coefficient  of  thermal  expansion  of  lead  dioxide.  Hee~ 
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trical  connection  was  made  at  the  top  end  of  this  electrode  to  a 
part  of  th®  nickel  has©  that  had  not  been  removed. 

Sugino  (8)  published  an  abstract  in  1950  of  twelve  previously 
published  papers  on  "Preparation,  Properties,  and  Application  of 
the  Lead  Peroxide  Electrode  Manufactured  by  a Hew  Method",  His 
load  dioxide  plating  bath  composition  and  operating  condition® 
wars  vary  similar  to  those  described  in  the  above  two  papers. 

A lower  anode  current  density  of  6,96  aapa./dm.®  (64.6  amps./ft.®) 
was  used,  no  hydrophil  addition  agent  was  added  to  the  plating 
bath,  and  the  lead  dioxide  could  be  plated  on  the  inner  surface 
of  an  "iron"  cylinder  by  using  a neutral  lead  nitrate  solution. 
During  electrolysis,  the  pH  and  concentration  of  lead  ion  were 
maintained  constant  by  continuously  circulating  the  electrolyte 
through  an  external  train  system  consisting  of  a holding  tank,  j 

a neutralizing  tank  in  which  Pb(0S)2  was  kept  in  suspension  by 
agitation,  a filtering  bad,  and  a reheating  tank  from  which  the 
replenished  and  neutralised  electrolyte  was  returned  to  the  cell. 

The  "iron"  cylinder  was  cut  away  from  the  inner  alectrodeposxted 
lead  dioxide  cylinder,  and  the  lead  dioxide  was  then  cut  length- 
wise into  sixteen  rectangular  strips  300  mm.  x 45  am.  x 8-10  am.  I 
thick.  Current  contact  was  made  to  the  lead  dioxide  by  first  ! 

wrapping  silver  foil  around  the  upper  end,  and  then  tightly  clamp- 
ing an  aluminum  or  brass  strip  over  the  silver,  the  anode  lead 
then  being  fastened  to  this  clamp*  j 

In  an  alternate  method,  the  lead  dioxide  was  deposited  from 
neutral  lead  nitrate  at  27-31*0.  on  the  outer  surface  of  a rotating 
rod  which  was  covered  with  a paraffin-graphite  mixture*  A.  hollow 
cylinder  of  lead  dioxide  was  then  obtained  by  molting  the. paraffin  . 
and  sliding  out  the  rod.  The  plating  bath  for  this  use  was  modi- 
fied by  the  addition  of  10-30  g*/l»  cuCffC^Jg  and  60-80  g./l.  H&ClOif. 

The  lead  dioxide  anode  was  reported  to  be  a good  conductor,  carry- 
ing above  20  amps. /dm.®  (186  aarps,/ft.2) , and  almost  perfectly 
insoluble.  On  electrolysis  of  sodium  chlorate  solution  using  this 
lead  dioxide  anode  and  18-8  stainless  steel  cathode  at  20  sarps./dn® 
(l86  amps. /ft.®)  and  3°°0.,  a current  efficiency  of  4l#  was  obtained 
on  a 99*9  percent  conversion  of  chlorate  to  perchlorate.  The  addi- 
tion of  2 g./l.  of  sodium  fluoride  was  found  to  increase  the  current 
efficiency  to  82  percent  over  the  same  concentration  range.  Direct 
electrolytic  production  of  sodium  perchlorate  from  sodium  chloride 
was  similarly  carried  out,  except  that  during  the  initial  stage  of 
electrolysis  from  01**  to  OIO3-  the  cell  t emperature  was  maintained  | 
at  60-65*0.  and  a small  amount  of  hydrochloric  aaid  was added  from  I 
time  to  time  to  maintain  the  electrolyte  slightly  acidic.  When 
the  chlorate  formation  was  almost  complete,  2 g./l.  sodium  fluoride 
was  added  to  increase  the  chlorate  to  perchlorate  current  efficiency. 
An  overall  current  efficiency  of  about  60  percent  was  obtained. 

This  method  for  direct  electrolytic  production  of  sodium  perchlorate 
is  covered  by  Suglno  in  a Japanese  patent  (9)  issued  in  1946,  Po- 
tassium chlorate  was  electrolytically  formed  from  potassium  chloride! 
at  a current  efficiency  of  81  percent.  | 
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The  oxygen  overvoltage  of  the  load,  dioxide  anode  wa * aeasured 
in  11T  sulfuric  acid  at  3Q»0.  at  various  current  densities  and 
compared  with  that  of  smooth  platimw.  Th*  value*  for  lead  divide 
wen®  fotmd  to  ha  somewhat  lowar  than, for  plat  Inna,  for  example# 

0,l6  volts  lower  at  1 aarp./dai.*  (9*3  amps./fi,*),  Os.  addition  of 
various  amounts  of  hydrofluoric  acid,  it  was  found  that  the  over- 
voltage of  lead  dioxide  increased  with  the  logsrlthm  of  the  co*- 
oentration  of  hydrofluoric  aside 
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a.  Summary, ^f.PrsvlouB^Vorh:  PoiaJMeg  35,3-:3feiZ 

Tantalum  earhlda  containing  1736  platinum  “by  weight  obtains! 
from  the  Carholoy  Department  of  General  Electric  Company  gave 
favorable  results  with  repeated . tests,  inode  loss  rates 
varied  from  1 * 10-5  to  20  x 10-5  grans  per  ampere  hour,  and 
current  efficiencies  as  shown  "by  electrolyte  analyeie  have  “been 
as  high  as 


Piftttnenite.  a rare,  naturally  occurring  massive  lead  dioxide, 
operated  smoothly  as  anode  in  the  chlorate-perchlorate  cell  at 
a low  voltage  without  shattering  and  with  very  slight  erosion. 

Magnetite  anodes  showed  slight  erosion  hut  produced  eodiua 
perchlorate  at  a current  efficiency  of  only  about  h to  5Jb. 

Platinum  ulated  tantalum  thiol  performed  entirely  satisfactorily 
as  an  anode  material, 

Thu  mineral  l^anite  from  Ward's  Natural  Science  Establishment 
behaved  well  in  screening  tests  conducted  in  1951*  Ho  further 
work  has  bean  done  on  this  material  since  that  time. 

All  other  materials  which  are  listed  in  detail  in  the  reports 
for  1951  and  1952  proved  to  be  uneatisfactory. 

b.  y<?rk  Done  da  3353, 

Semples  of  bearing  materials  (carbon  impregnated  with  various 
metals)  from  the  Carbone  Corporation,  Boonton,  ft, JT.  were  tested 
in  the  chlorate-perchlorate  cell.  These  samples  were  RSS  Copper, 
RS  Copper,  RSS  Babbitt,  RS  Babbitt  and  RS  Silver,  with  the  RSS 
material  b eing  somewhat  harder  and  stronger  than  the  RS  material. 
The  specific  resistance  of  these  compositions  was  of  the  same 
order  of  magnitude  a#  that  of  graphite,  but  when  tasted  as  anodes 4 
all  eroded  rapidly  with  the  RS  Silver  composition  showing  the 
least,  but  still  appreciable,  attack  (see  Table  XYIl). 
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Several  thousand  mineral*  in  the  University  of  Pennsylvania1* 
collection  were  tested  far  eXeetrioal  oonduotivity.  The  *ea* 
*********  mw*  made  by  firmly  pressing  .point  tlMtrsiii  on* 
elaan  jwrtion  ef  tha  mineral  and.  measuring  the  voltage  drop  v 
aa^s#£.  by  m feaown  £1 6w  sf  current,  hso«i*s  af  the  shapes  of 
ina  ninaraX  specimens  the  specific  ooaA^ilanea  could  net  he 
calculated  from  the  neasursmnts  made,  • Howard,  the  resulting 
reading*  wore  compared  to  similar  readings  mads  on  valX»knmm 
materials  of  varying  degree*  ef  conductivity.  The  r a stilts  tiara 
grouped  into  the  following  categories!  those  mineral*  whan# 
conductivity  was  similar  to  that  of  graphite  MW  a ratal  as 
tfesUmt*  those  similar  te  carbon  worn  ratal  good,  those  aimilar 
to  pyrolLusite  war®  ratal  poor,  r/hils  thosa  much  below  this  wars  . 
ratal  wry  poor,  aal  thosa  shewing  no  passage  of  currant  ware  . 
classed  as  »on~ conductor*.  It  was  observed  that  tha  conduetivity  ■ 
tarial  greatly  in  lifferant  speeiaana  of  tha  um  mineral  specie* 
Tha  results  ara  liatal  in  Sable  XVIH.  The  naturally  occurring 
■atals  and  natal  alloys  which  ara  known  to  ha  good  conductors 
ara  not  lilstal  in  this  table. 

In  ord&r  to  renal  out  oar  survey  of  usefhl  materials  for  wwdea 
in  tha  perchlorate  call,  tha  following  minerals  wan  selects! 
from  Table  XVIII  as  being  Most  promitingt  Hematite,  saasiterita,  , 
psilomclane,  pyrolusits,  sinciti*,  and  ehromlte,  These  Minerals 
will  be  tested  by  the  atandard  screening  taste  when  oharaoterle- 
tie  aasplss  are  on  hand. 


A staple  of  itUflon  ftrritt  from  Herisona,  Inc.  eroded  rapidly 
whan  tasted  aa  an  anode  in  tha  ehlcrats-perehlerate  sail*  as 
did  a saapla  of  iiBBCdLflRI  rrnnhita  from  mis  Industries,  felon, 
Ohio.  However,  a labelled  pyrolusite  OtoOo  + 7$  H»0) 

obtained  from  tha  Pennsylvania  State  Collage  shewed  very  little 
erosion.  This  sample  later  proved  to  bev'flyuittttJt  (NnoOeOfeO) 
by  X-ray  analysis.  •'  ■ 


fotaral  gftBhUt  (Hho*hohodral9  Golombo  Hines,  Island  of  Ceylon) 
from  Ward**  lateral  Science  Establishment  eroded  very  rapidly*. 


A aigtol-forritt  .b,galt  frost  the  Linda  Air  Product*  Company; 
which  ws  previously  reported  as  a poor  conductor  Cpago  25, 
Saoend  Quarterly  Research  Report  for  1?52),  was  found  to  have 
Qut"  After  grinding  this -outer  layer 

off,  the  inner  layers  ware. found  to  be  conductive  enough  to 
be  tasted  as  an  anode,  in  the  ehloarate-per chlorate  o«U.  Thar* 
was  no  appreciable  .t^oaion,  but  oonversion  af  chlorate  to  par-’ 
ohlorata.  was  vary 'low.  ' ' 


^ ^ oorat  ,gfcl4-Sihl  was  attacked  as  evidenced  by  a weight  loss, 
Oh*  formation  of  an  orange  precipitate  in  the  eleotrelyte  and 

fwtion  ef  a rusi-ooiared  film  on  that  portion  of  the 
gold  rod  immersed  in  tha  electrolyte. 
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ELECTRICAL  CONDUCTIVITY  RATING-  Of  SOME  MINERALS* 


Conductivity  rating:  Nonconductor  very  poor  conductor  +;  poor  conductor  ++; 
good  conductor  +++;  excellent  conductor  ++++. 


Mineral 


Stibnite 

Bisrauthinite 

Kermeaite 

Pyrite 

Gobaltite 

Gersderffite 

Ullmannit© 

Loellingite 

Saffloirite 

Saramelabergite 

Korcaaite 

Araenopyrite 

Glaucodot© 

Molybdenite 

Zrennerite 

Sylvanite 

Skutt erudite 

Sfealtite  Biamuthlan 

ChloantMte 

Pyrargyrite 

Proustite 

Xanthoconlte 

Witticfcenlte 

Tetrabedrite 

Pyrochro.ite  __ . 

Maaganite  - paeudo  Calcite 
Pallomalane 


Goethite 
Limoni te 

Magnetite  - Isometric  N.Y. 

Caaaiterite 

Pyroluaite 

Rutile 

Braunite 

Yalentinite  - Canada 

Araenollte 

Ilmenite 

Hematite  - Specular 


Composition 

Sb2S3 

Bi2S3 

Sb2S20 

PaS2 

CoAsS 

NiAsS 

NiSbS 

Pe A*2 

(Co,Pe)A*2 

N1A82 

P«S2 

PeAsS 

(Co ,Pe)AaS 

MoS 

AuTe2 

AgAuTe2 

(CoNi)Aa3 

(CoNi)As3_z 

(mCo)AaCx 

Ag3SbS3 

AggAsSre 

AgAsSg 

CU3BI53 

(}(0h}2 
Mn203  • H20 
BaMn2  * MngO]_  g ( OH)  ^ 
Pe203  » EUO 
Pe20 3 • 3s20 
Mn203  . H20 
Sn02 
Mn02 
Ti02 

(MnSi)203 

Sb203 

Aa203 

Pe2i03 

Pa203 


Conductivity  Rating  | 
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♦The  conductivity  varied  greatly  in  different  specimens  of  the  same  mineral 


species . 
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Hematite  - Bhombohedr&l 
Michigan 

Corundum 

Zincite 

Cuprite  - Isometric 

Jamesonite 

Ooaalite 

Mldnite 

Bournonita 

Enarg ite 

Eamatlnite 

Tennantlte 

Tranklinite 

Chromite 

Cerargyrite 

Tetradymite 

Hagyagite 

Domeyklte 

Algodonite 

JDy'acraslt® 

Argentite 

He  a site 

Berzelianite 

Petzite 

Chftlcoeite 

Stromeyerite 

Bornite 

Galena 

CXansthalite 

Altaite 

Sphalerite  - Eerriferous 

Metacinnabar 

ELemannite 

Ch&lcopyrite 

St&nnits 

Pyrrhotite  — 

Niceollte 

Millerite 

Pentlandite 

Chibaaite 

Covellite 

Starabergite 

Cinnabar 

Eetrahedrite  - Mercurian 

Siegenite 

Oarxollite 


BABLH  XYIII  ~ Pont. 
Pe2°3 

AI2O3 

ZnO 

Cu20 

2PbS*Sb2S3 

PbsBioS* 

PbCuBlS* 

PbCuSb^ 

Cu^AaS^ 

0u3SbSij, 

(Cu  »^)i2^*4Sl3 

ZnPegOif 

BeOroOh. 

AgOl 

BigTeoS 

PbgAu(TeSb)i|S3 

CU3A8 

Cu^jAs 

Ag3Sb 

Ago 

Ag2Se 

Cu2Se 

Ag3AuTe2 

Cu2S 

GuAgS 

CuePeS/4, 

PbS 

Pb-CuSe 

PbTe 

ZnS 

Hbs 

BgSe 

GuPe32 

Ca2PeSnSA 

MAfl 

HiS 

(PeNi^SQ 

CuPe2&3 

OuS 

AgPe2S3 

SgS 

( CuJe)  12^2^3 
(OoNiJjS^ 
Co2CuSb. 
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to*  tottiag  ojf  42»Lrttii  m mtoj*  ,•  \ - 

electrolyte  (pB  *831  in  the  *$!•**#  * • 

• mated  in  Srapid  and  uneven  etching  ef  *he,.8tt13r-e#-tto  .forme*?-,, 
tioft  of  & d«rfc  gpoy  '«r#r  tho  i»e3*  . "A.  kw  3*$fc 

of  erosion-  aleo  reeultod  when  the  tUvor  vm  f iret  io*di#*Xlr  ,*; 
'»l«eirely*»d  in  \$j»  sodium  hydroxide  ■tel'diian  to  for*  .ft  blagAc 
deposit.  t . 

yiUihad  JlidJuiXW  *«h  a fi«i«>Uw  fill!  ^JM^ide- 

fabricated  V.  Httsbsrgh  Jlftto  Glass  Goapwsy  3&U**  rapidly.  • • 
They  operated  at  low  ewrant  and  hUh  voltage  with  either  tar- _ 
conductive  film  soaring  off  at  a aloud,  the  plat*  f .awjrtdae .. 
at  the  electrolyte  level,  ©5?  the  eurrmt  lead  melting  off  >e- 
eauxe  of  the  boat  generated. 

Ha  aside  jagfl )ou  ait#  fomiobja.  v Pitttv^fiaj*  ; • 

Company  were  more  promising,  showing*  for  INpI*  A123»-  »}*»** 
amount  of  orotion  and  about  1 & current  effieisneyi  Sample  392.  _ 
oonlact  difficulties  ytm? e to  groat  that  current  efficiency  coni* 
not  ho  obtained*  Sample  B8,  no  orotion  «n&  about  17? 
efficiency*  and  Ba*?la  353*  no  appreciable  trot  ion  and  about  > 

50JJ  current  efficiency.  for thar  samples  of  the  Type'  1J3  thOftld 
ho  tasted  (tot  Table  XX). 


Samples  of  fionA^ittia^  fl ?«■«*■■  wfraatnrlaa  from  tho  OOrning 
aifttt  tforks  either  eroded  or  operated  at  a Tory  high,  cell  volt* 
•go*  (too  Table  XXX). 

Sfttplot  of  yff>rp  lagJbaJJl  *»d  -chair  mlloYn  hay*  all  toon 

received  from  IWcer  A Co.,  and  tottt  will  start  short  3yv 

A pressed  and  fired,  mixture  of  fliQXlftl  .«*&  MOTlIltt  vftt 
fabricated  (*)  for  lotting  at  anode  materiel.  Those  samples 
wore  hard  and  showed  good  conductivity.  Whan  tatted  In  the.  . 
ehlorate«porohlorate  coll,  thty  shewed  considerable  meohanioal 
disintegration. 

Additional  oaaplot  wore  aado  by  pressing  load  dioxide  alonecr  • 
with  varying  amounts  of  manganese  dioxide  or  magnetite.  3s»S>l*f 
were  made  without  hinders  and  with  5$  potassium  hydroxide  $tA 
e odium  tilieato  (8^  XagO,  2^C  *i0g)  in  the  range- of  0*02  to  0.0? 
gram  per  gras  of  pswderod  mixture.  1‘iring  was  done  at  300*5#  in 
oxygon  or  air  for  periedt  ranging  from  3 to  18.5  honyt.  Shi  moro 
proaiting  of  theto  tauplet  at  shown  >y  conductivity  lotto  and 
mechanical  disintegration  taste  in  sodium  chltrate  tolution  * . 
(6oOg./l.)  will  ho  prepared  in  sites  suitable  fer  testing  at 
•nod* 8 in  the  chl«r&te*per(Mer&tt  coll. 

(♦)  A powdarad  mixture  of  0*3.  load  dioxide  powder  (75  weight  ^)  end  nim* 

25 0 mesh  magnetite  (25  wei^it  j()  with  a binder  of  0.C&5  part!  of 
potateium  hydroxide  per  part  of  SbO^-YwCaf  mixture. wm  preened  at 
15,050  poualle-por  square  i»ph  end.  then  fired  in  air  for  6 houri  at 
; ^K)*0.  She  resulting  cylinder  (21.9  high  x-28.6  mm.  0*3.)  had  a 
density  of  about  5»^  grams  per  oe. 
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